INTRODUCTION

In the electric system the aim of a sustainable politics is to reconcile the rational use of the energy with the environment protection for an improvement of the life quality. This objective can be reached optimising the functional, safety and environmental performances of the network components. This means to develop new products and new processes which, beyond to improve the quality of service to consumers or to anticipate the evolution in standards and the demands of the market, can also reduce energy and non renewable resources consumption, risks for human and ecosystem health and end-of-life waste. So a research project named MATEALT has started in CESI at the end of 2003 with a funding regulated by the Decree of the Italian Ministry for Industry and Trade dated 26 January 2000. The activity is in progress and will be concluded at the end of 2005. Its aim is to improve the eco-profile of some electrical components, studying and testing the following materials:
carbon dioxide CO 2 as an alternative to sulfurexafluoride SF 6 
for dielectric applications and arc extinguishing medium in MV circuit breakers, ester-based oils for paper-oil transformers as an alternative to mineral oil for reducing soil and water pollution in the event of an accidental spill and providing enhanced fire safety, recycled polymeric materials to replace the metal enclosure of MV switchgears for MV/LV substation to reduce waste and the depletion of steel. In such a way the installation of these electrical components in town and natural land of the country can be supported in full agreement with environmental and safety regulations and can meet the public opinion. In this paper the results of breakdown voltage tests on CO 2 and on its mixtures are presented and discussed for different electrode configurations and distances, gas pressure and service voltage stresses (AC, LI, SI). A comparison of the main chemico-physical properties of two ester-based oils and a naphtenic oil and the results of breakdown voltage tests on pressboard impregnated in each fluid are shown. Finally the main features of a polymeric material suitable for a MV switchgear enclosure are presented with the results of internal arc tests on PE, PP, PC and PET and the
polymers and the geometry will be studied and tested for enclosure panels are shown .
GASES ALTERNATIVE TO SF 6
Sulfur-exafluoride SF 6 is a synthesis gas with very good chemico-physical, dielectric and arc interrupting properties. Thus the 80% of its world production is used in electric industry for gas insulated lines, switchgears, circuit breakers and transformers, where compactness, low fire risk and noise level are requested. Nevertheless it has some negative aspects:
it is the most potent greenhouse gas; its decomposition products are toxic and corrosive; a complex end-of-life management including also the devices, is necessary according to standards. The restrictions imposed by the December 1997 Kyoto Protocol about greenhouse gas emissions and the proposal, in 2004 European draft Regulation about Flourinated Gases, to bun the use of SF 6 in below 36 kV operating switchgears, involves the research of a SF 6 substitute. To select alternative gases with suitable dielectric and arcinterrupting properties, a set of criteria [1] was get ready and a list of the properties of many fluorinated gases by Solvay Fluor Derivatives and the natural F-free gases [1, 2] were examined. No gas was found answering to all the criteria, but C 3 F 8 e C 2 HF 5 appeared suitable for dielectric application and CO 2 for switching devices [3] . C 3 F 8 and C 2 HF 5 (pure, as well as mixed with N 2 ) were studied and tested in the "Alternative SF 6 " NNE-1999-20132 European Project [4] of which CESI was a partner. The results were encouraging from the dielectric viewpoint, but corrosive and highly toxic decomposition products such as HF and 1,1,1,3,3-pentafluoro-2-trifluoro methylpropene PFiB ( 900 ppm when the recommended TWA value is 0.01 ppm) were found after dielectric long term tests. Therefore we decided to study and test CO 2 , promising as arc quenching gas in alternative to SF 6 , in spite of its dielectric strength 30% of SF 6 one [1, 5] . This means a larger design or a high increase in pressure.
Short term characterization
The dielectric characterization of CO 2 started with shortterm tests, extended also to CO 2 (80%)/O 2 (20%) and CO 2 (70%)/ Xe(30%) mixtures [8] . O 2 was selected for its high electronegativity and because it helps the recombination of CO 2 when decomposed in CO+O, while Xe was considered for its good thermal properties [2, 6, 7] ; their use could be useful for the arc quenching. The experimental set-up was obtained by modifying a 36 kV circuit breaker pole (see fig.1 ) to withstand high pressure levels and to use the contact movement system in order to change electrode gap. A calibrated transducer allows a distance measurement with a 0.1 mm accuracy and the pressure is can be obtained with a 0.05 accuracy. fig.2 ; the surface roughness was 4.7 µm and the W content ranged from 50% to 80% in weight. The tests were performed according to the following sequence: first of all LI and SI, then 50 Hz. At each sequence the gas was replaced and after 2 sequences the experimental device was opened and the electrodes replaced or cleaned. SEM analysis of electrode surfaces were made and unused and exhaust gas samplings were analyzed by means of a gas-chromatography technique for CO 2 and its mixtures.
Main test results and discussion
Some results of LI, SI and 50 Hz tests on CO 2 are presented in fig.3 and fig.4 as a function of the parameter and the absolute pressure respectively. The flashover voltage measured in LI and 50 Hz tests on CO 2 and SF 6 are shown in fig.5 and fig.6 , while the comparison among the LI flashover among CO 2 , CO 2 (80%)/O 2 (20%) and CO 2 (70%)/ Xe(30%) mixtures is presented in fig.7 and fig.8 for different electric field uniformity. As a large spread of the flashover values in LI and SI tests was found especially in non-uniform electric field configuration, the step voltage used in Extended Up & Down Method was changed and all the test results were processed using the Likelyhood Method [9, 10] and a modified Weibull distribution. For every electrode configuration, electrode gap and filling pressure, the power frequency voltage gave the lowest values of flashover. Nevertheless a comparison between the values of 50 Hz flashover and of negative polarity lightening impulse referring to the insulation level of MV equipment [11] shows the lightening impulse of negative polarity as the dimensional stress for CO 2 . The comparison between CO 2 and SF 6 flashover voltage curve in fig.3 and fig.4 allows to calculate the k p factor as the ratio of CO 2 pressure to SF 6 pressure associated with the same value of the dimensional stress. For non-uniform electric field kp 3.5 while for uniform electric field kp 3. So if a MV circuit breaker is operating with at a SF 6 pressure 2÷3 absolute bar, the same circuit breaker should be filled with CO 2 at a pressure of 6÷10 bar in order to obtain the same performance. CO 2 (70%)/ Xe(30%) mixture shows lower performances in comparison with CO 2 , while CO 2 (80%)/O 2 (20%) mixture gives better flashover voltage than CO 2 only for LI positive polarity. Fig.9 shows a photo of the 2 mm rod and the 120 mm plane, used in a rod-plane configuration (a), and a photo of 40 mm sphere and 120 mm plane for sphere-plane arrangement (b) at the end of a set of tests. The discharge tracks on the plane electrode are more extended in (b) arrangement than in (a) configuration, where they are concentrated in the centre. Moreover the rod electrode presents tracks also along the lateral surface: that could mean some discharge path between the rod and the test chamber wall and that could give an explanation to the large spread of the test results in the case of non-uniform electric field. SEM analysis of the electrode discharge area shows a copper cropping up, a light copper oxidation and no presence of carbon particles. Gas-chromatography analysis excludes the presence of decomposition products, such as CO and C + O, in a quantity >1 ppm. 
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ESTER BASED OILS FOR TRANSFORMER
The transformers are the heart of the whole electric system. The most of them are paper-oil insulated and were designed for a 25÷30 year service life, but a lot of them is operating well over these limits. The cost of their replacement is very high, but for utilities, in a case of failure, the costs, related to the damages caused to the environment, to the users, to the adjoining equipment and to the public image, should be enormous. The natural ester oil is the best from the viewpoint of environmental safety owing to the highest value of flash point and aquatic biodegradability; the fluid presents also the highest breakdown voltage value. On the negative side it exhibits elevated pour point and viscosity in spite of pour-point depressing additives: so it could be no suitable for installation or storage in cold climates and some difficulties could be during paper impregnation. The synthetic ester oil shows very good values of flash point, breakdown voltage, pour point, biodegradability and relative permettivity, but a high value of viscosity. The measurement of the breakdown voltage BD at 50 Hz was made on 3 mm thick transformerboard material, with a density 1.25 g/cm 3 and a 250mm×250mm size, impregnated in each oil. Tests were performed using the symmetrical sphere electrode arrangement and the asymmetric and symmetric plane electrode arrangement according to IEC 60641-2 and IEC 60243-1. The experimental set-up is shown in fig.10 . All samples exhibited a radiating pattern of discharge channels and the breakdown perforation was always at the edge or outside the electrodes on the free board surface. No difference was noted among the pattern of the different oil impregnated samples and the measured values of BD had high reproducibility, being obviously higher for natural ester base oil. Also a very good compatibility between of the ester based oils and mineral oil was verified following an CESI procedure: three mixtures with mineral oil 10%, 30%, 50% in weight were prepared and kept at 80°C for 60 hours in an oven, checking a possible presence of precipitates or opalescence. At the end of the test some dielectric properties were measured; the results are shown in table 2. The compatibility test is very important in a case of retrofilling transformer previously filled with mineral oil. 
POLYMERIC MATERIALS FOR ENCLOSURE OF MV SWITCHGEARS FOR MV/LV SUBSTATIONS
In MV/LV distribution substation the metal-enclosed switchgears are devices with a role of primary importance in maintaining the availability of electrical power and for safety of personnel. They contain the electric power control and supervision functions in public and industrial plant distribution system and must perform isolation, operating and protection functions on outgoing line feeders at a high level of reliability.
With the aim to improve the environmental profile of a MV metal-enclosed switchgear, polymeric materials from recycling were studied and tested to replace the metal enclosure: the depletion of not renewable resources, such as iron and steel, and waste production can so be reduced. An incoming/outgoing unit of a MV metal-enclosed switchgear, with air-SF 6 mixed insulation protected type for indoor, was selected. Table 2 shows some characteristics of this MV switchgear. The CEI EN 60298 design and test requirements of the MV switchgear enclosure were analysed in order to find the polymeric material more suitable to replace the metal. The most severe condition for the enclosure is due to an internal arc: the metal housing is subjected to overpressure, due to the violent expansion of the gases heated by the arc, and the involved materials may produce hot decomposition gases or vapours. Such an event may lead to the risk of injury if persons are present: mechanical harm owing to the projection of solid matter as well as the exposure to hot and sometimes toxic gases. Therefore in 1981 the internal arc test was introduced in IEC Standards and it is the hardest test to improve the enclosure performance. To satisfy the test requirements, a polymeric material, suitable for the MV switchgear enclosure, should have the following properties:
• environment pollution resistance, • SF 6 and its decomposition products resistance in the case of the overpressure valve opening, • self-extinguishing property, • low toxicity and corrosivity of the smokes • large dimensional stability to assure a perfect coupling of the parts in a long run: the creep at different temperatures due to the components weight asks suitable structural calculations taking into account the switchgear mean life ( 25 years) and the natural tendency to the aging of the organic products, • low deformation for an easy assembling of the panels, • high mechanical strength particularly in joints and in clamping points, • high strength to tracking, perforation and impact to avoid holes in the enclosure due to the internal arc or Only thermoplastic materials can satisfy the combination of these mechanical, electrical and thermal performances with recyclability at the end-of-life. The studies about the chemistry of the thermoplastic products and the arc phenomena, where the presence of aromatic hydrocarbons causes the coking on the contacts surface, show a higher carbonisation in aromatic polymers (PC, PBT, PET) than in aliphatic compounds (PE, PP, PA, PVC, PTFE, rylate PMMA). So the aliphatic polymers are more resistant to the surface tracking and degradation and to the carbonisation, while aromatic polymers show larger dimensional stability and very low creep. The toxicity and corrosivity of the smokes exclude the use of PVC and PTFE whereas PMMA presents a low thermal resistance and a high brittleness. The crosslink or the addition of stabilizers, flame retardant additives and reinforce fibres can increase the mechanical and thermal performance of PE, PP and PA. As the MATEALT project aim is the use of recycled material for the switchgear enclosure, only PP, PE and PET, coming from urban and industrial waste, can be find in an enough quantity and with low costs, though their properties and their availability can change in the time.
Internal arc tests were made on a switchgear with PET, PP, PE, PC panels screwed on the enclosure frame. The panels were a sandwich of two 3 mm thickness polymer slabs with interposed a very thin metal net (see fig.12 ). Fig. 13 shows some panels after the tests: all materials presented good mechanical resistance to overpressure, PC and PET exhibited high carbonisation on the side exposed to the arc, PC presents also holes and black smokes, while PP tacked fire, melting the upper PE panel. 
Fig13 PE, PP, PET and Pcpanels after the internal arc test.
A second internal arc test was made on a mock-up of a busbar compartment of the MV switchgear, with panels, 6 mm in thickness, of recycled PP and new PE. The results confirmed their good mechanical properties and their high resistance to tracking, particularly for PP, and the joints between frame and panels as the weakest points. An overpressure about 0.4 bar and a temperature ranging from 80°C to 140°C on the external side of the panels were measured. Owing to the experimental results the "local quality" logic will be adopted, that is a specific material for specific function. So a thin layer of crosslinked PE can give a self-extinguishing property, a thermal resistance, an arc insensitiveness to the internal surface of the base material such as PP or PE. A PET slab with a thin layer of PA 6.6 or a PC panel with Silicon hard coat will be insensitive to arc, fire resistant with good mechanical strengh. A simulation of the arc phenomena should allow the calculation of the panel thickness (6÷8 mm range) and the more suitable shape of the enclosure for the best stress distribution and the arc addressing to the special exhaust channel on the back of the switchgear. After the calculation the working technology and the best combination of materials or compounds will be chosen and a prototype of the MV switchgear will be set-up and tested. A Life Cycle Assessment will also be performed to compare the environmental impacts of the old and new version of the MV switchgear.
CONCLUSIONS
The short term tests on CO 2 gas chosen as an alternative to SF 6 , show that the lightening impulse of negative polarity is the dimensional stress for CO 2 . The comparison between CO 2 and SF 6 allows to calculate the k p factor as the ratio of CO 2 pressure to SF 6 pressure associated with the same value of the dimensional stress. For non-uniform electric field kp 3.5 while for uniform electric field kp 3. So if a MV circuit breaker is operating with at a SF 6 pressure 2÷3 absolute bar, the same circuit breaker should be filled with CO 2 at a pressure of 6÷10 bar in order to obtain the same performance. The tests show a large spread of the flashover voltage values in LI and SI tests, especially in non-uniform electric field configuration. An explanation could be that some discharge path is between the rod and the test chamber because the rod electrodes present discharge tracks also along the lateral surface. CO 2 (70%)/ Xe(30%) mixture shows lower performances in comparison with CO 2 , while CO 2 (80%)/O 2 (20%) mixture gives better flashover voltage than CO 2 only for LI positive polarity. Gas-chromatography analysis on gas, sampled before and after some test, excludes the presence of decomposition products, such as CO and C + O, in a quantity >1 ppm. also the highest breakdown voltage value. On the negative side it exhibits elevated pour point and viscosity in spite of pour-point depressing additives: so it could be no suitable for installation or storage in cold climates. The measurements of the breakdown voltage BD at 50 Hz, made on 3 mm thick transformerboard material, with a density 1.25 g/cm 3 and a 250mm×250mm size, impregnated in each oil confirm the high performance of the natural ester oil for all the electrode configuration. Both the ester based oils are compatible with mineral oil: this is important for retrofilling transformer previously filled with mineral oil.
The experimental activity and the studies on the polymers led to aliphatic thermoplastic materials as the more suitable to replace the MV switchgear enclosure. Owing to the experimental results the "local quality" logic will be adopted, that is a specific material for specific function. So a thin layer of crosslinked PE can be used on the internal surface of the base material, for example PP or PE, giving to this self-extinguishing property, thermal resistance, arc insensitiveness. A PET slab with a thin layer of PA 6.6 or a PC panel with Silicon hard coat will be insensitive to arc, fire resistant with good mechanical strengh. All the activities are in progress.
